This paper presents a short-term monthly forecasting model of West Texas Intermediate crude oil spot price using OECD petroleum inventory levels. Theoretically, petroleum inventory levels are a measure of the balance, or imbalance, between petroleum production and demand, and thus provide a good market barometer of crude oil price change. Based on an understanding of petroleum market fundamentals and observed market behavior during the post-Gulf War period, the model was developed with the objectives of being both simple and practical, with required data readily available. As a result, the model is useful to industry and government decision-makers in forecasting price and investigating the impacts of changes on price, should inventories, production, imports, or demand change. (JEL Q40, C53); Int'l Advances in Econ. Res., 8 (4): pp. 324-33, Nov 02.
Introduction
Both government and the industrial sector have an interest in forecasting crude oil spot price. Potential changes in world petroleum supply-demand fundamentals, such as quota changes of the Organization of the Petroleum Exporting Countries (OPEC), result in questions on the implications for the crude oil price. Because petroleum inventory levels are a measure of the balance, or imbalance, between petroleum production and demand, they reßect changing market pressures on crude oil prices, and thus provide a good market barometer of crude oil price change in the short run. This paper presents the development of a short-term monthly forecasting model for West Texas Intermediate crude oil spot price using Organization for Economic Cooperation and Development (OECD) petroleum inventory levels. This model was built based on an understanding of petroleum market fundamentals and the observed market behavior during the post-Gulf War period from January 1992 to February 2001. The results from the forecasting model empirically demonstrate that petroleum inventories are a good market indicator of crude oil price change.
The relationship between commodity inventory levels and price has been studied for nearly a century, tracing back to the early published works of Working [1934] and Kaldor [1939] , where the classical theory of storage was developed to explain why price backwardation occurred. Empirical studies were also carried out on agricultural commodity markets, see for example, Working [1934] , Brennan [1958] , and Telser [1958] . In recent publications, Pindyck [1994] empirically studied the relationship between inventories and short-run commodity prices using copper, lumber, and heating oil data. Dale and Zyren [1997] particularly 1 The literature on crude oil and petroleum product markets is enormous. For example, the book by Horsnell and Mabro [1993] addressed the Brent market and the formation of world oil prices.
2 A recent paper by Pindyck [2001] is most closely related to the analysis. He described the short-run dynamic relationship between commodity prices and inventories, using the petroleum markets for illustrations. SpeciÞcally, he explained the equilibrium in two interconnected markets: a cash spot market and a market for storage. Also related is a paper by Considine and Larson [2001] , who studied the presence of risk premiums on crude oil inventories.
It was found that the existing models dealing with commodity price and inventory in the general equilibrium framework, or addressing speciÞc theoretical and econometric issues, provide insight into fundamental understanding of the economics behind the market behavior. However, they require too much expertise and speciÞc data to be implemented in a policy environment by professionals without substantial economic and statistical training. As a result, a simple and a practical short-term crude-oil-price forecasting model was developed that is intuitively appealing to decision-makers and can therefore be easily interpreted and accepted. The model is also practical from a maintenance standpoint in that it is based on a single, readily available data series-petroleum inventories.
The next section provides background on the petroleum market, reviewing West Texas Intermediate (WTI) crude oil spot prices and OECD total petroleum inventories for the last decade. The following section gives the empirical study a theoretical foundation, explaining why petroleum prices and inventories are related. Next is an analysis of the data collected for the study, followed by a presentation of the forecast model and results. The Þnal section concludes the paper and suggests avenues for future investigation.
Crude Oil Market in the Recent Decade
The petroleum market in the 1990s exhibited several features that allowed for the establishment of quantitative insights between crude oil prices and market fundamentals. Over much of the time between 1990 and the present, OPEC did relatively little to adjust production to accommodate demand changes, and sometimes, when action was taken, it was either insufficient or excessive. Thus, there has been a fairly long period in which prices exhibited some rather large cyclical swings, as shown in Figure 1 . Figure 2 shows how OECD crude oil supply and demand for petroleum varied over the last decade. Global demand for petroleum products is highly seasonal and is greatest during the winter months, when countries in the Northern Hemisphere increase their use of distillate heating oils and residual fuels. Supply of crude oil, including both production and net imports, also shows a similar seasonal variation but with smaller magnitude. During the summer months, supply exceeds demand and OECD petroleum inventories normally build; whereas during the winter, demand exceeds supply and inventories are drawn down. As a result, inventories also demonstrate seasonality. If market supply and demand are balanced over the period of a year, the increase in inventories over the summer will equal the decline in inventories during the winter.
As indicated in Figure 2 , the market was well out of balance in 1998 due to slowing demand growth and increasing supply. Two warm winters and the Asian Þnancial crisis diminished demand growth both seasonally during the winter months and over the entire year, while supply increased substantially as Iraqi crude oil came back into the export market in 1997 through the Oil-for-Food Program. During this time, supply outstripped demand and inventories grew to unusually high levels (see Figure 3) . Referring back to Figure 1 , it is observed that WTI crude oil spot prices fell to near $10 per barrel by the end of 1998, due to the excess of production over demand and the resulting inventory build. In March 1999, OPEC agreed to cut back production to a level well below demand, and also during this time, the Asian economies had an unexpectedly quick recovery, which increased the demand for crude oil. Thus, during 1999, the supply-demand imbalance reversed, and with demand exceeding production, inventories were used to help meet demand. The excess inventories that had been built up fell rapidly to below normal, and WTI crude spot prices rose to over $30 per barrel by early March 2000. Figure 3 shows how total OECD petroleum inventories, deÞned as the sum of government stocks and commercial stocks of both crude oil and petroleum products, have changed over time. In particular, note the large excess and then underage of inventories over the past several years relative to variations away from some kind of normal level seen in the Þrst half of the decade. Such an observed normal level in OECD inventories is theoretically as well as empirically important when exploring inventory relationships to price. If the peak inventory level reached during the summer months is lower than normal, it indicates less-than-normal inventory will be available to supply the upcoming high-demand winter months, and prices would be expected to increase.
The relative inventory level will be deÞned as the deviation of actual inventories from a well-deÞned normal, or desired, level in the next section. Then, the desired normal levels will be empirically determined and the relative inventories will be derived in the fourth section. Inventories are seasonal as seen from Figure 3 , often building in the summer months and dropping during the winter. As has been argued previously, inventories demonstrate seasonality because their build-ups and draw-downs reßect the seasonal imbalance between supply and demand as a result of the supply of crude oil showing less seasonal variation than demand. Long-term trends also exist, mainly due to the trends in government inventories. Such trends will also be considered when deÞning a desired normal pattern.
Crude Oil Market Fundamentals
It has been observed that petroleum inventories have the following characteristics. First, inventories of crude oil are readily available to reÞneries (petroleum product manufacturers) for production of products such as gasoline and distillate heating oil, and inventories of primary petroleum products are readily available to be sold to end users. Second, prices seem to be more responsive in the short-term to inventories than to production because inventories are the marginal source of supply. Third, inventories are needed to cushion a system that delivers products in batches. Fourth, companies build or draw down discretionary inventories based on their price expectations and sale opportunities. Finally, inventories also build or fall due to uncertainties or unexpected changes in production and demand. Regardless of the cause of their change, inventories provide a measure of whether production is in excess of demand, how much in excess, and for how long. As such, inventory behavior can be an indicator of market pressure on price changes. In the case of petroleum, when crude oil production and reÞnery production exceed demand for crude oil and petroleum products, commercial inventories of crude oil and products will build and vice versa. Specifically, for the world market, assuming no losses or volume changes during processing, the following balance equation can be written:
Since InventoryChange t = Inventory t − Inventory t−1 , (1) implies:
As shown in Figure 4 , and assuming initial equilibrium inventories, if demand exceeds production in a given month, inventories will be drawn down below desired normal levels and there will be positive price pressure. The direction and speed with which inventories are changing indicate the direction and magnitude of the demand and supply imbalance. For example, during spring and summer months, it is typical industry practice to replenish product inventories by reÞning more products than are demanded. This inventory increase is normal and expected, and would result in no price pressure. It is only in situations where the inventories are not being built to desired normal levels that positive price pressure would exist.
It is important to note that the equilibrium price in a given month is at the point where the difference between supply and demand is normal, taking into account any possible seasonality and trend. In other words, the equilibrium price is achieved when the relative inventory level, deÞned as the deviation of actual inventory level from its corresponding desired normal level, is zero. The concept of relative inventory level is crucial. It indicates if the market is tight or loose, and thus indicates increases or decreases in price pressure. The goal of this paper is to build a forecast model based on the relationship between the crude oil price and the relative inventories of petroleum.
Analysis
The analyses began with the assumption that there is a relationship between price and supply-demand fundamentals. The relative inventory variable is an explicit measure of the balance between production and demand. Thus, relative inventory is a good variable to indicate the state of the supply-demand balance as it impacts price. The relative inventory level, denoted by RIN t , is deÞned as:
where IN t is the actual total OECD petroleum inventory level, government and commercial, in month t, and IN * t is the normal, or desired, level. More speciÞcally, let D k , k = 2, 3, ..., 12 be the 11 monthly seasonal variables. The desired inventory level is calculated by:
in which a 0 , b 1 , and b k , k = 2, . . . , 12 are estimated coefficients from de-trending and deseasonalizing the observed total OECD petroleum inventory. Regression results show a statistically signiÞcant seasonal pattern in inventory as well as a consistent positive growth for this period. Figure 5 shows the desired normal level of total OECD inventories as compared to the observed level. This empirically determined normal level demonstrates a positive trend and the expected seasonal movements. The difference between the observed inventory level and the corresponding desired normal level is the so-called relative inventory level or the deseasonalized and de-trended inventory level, reading from the right vertical axis in the Þgure.
For crude oil prices, the nominal West Texas Intermediate crude oil spot price is used, which is considered a world marker crude oil spot price. Another price often viewed as a marker crude oil spot price is Brent. However, it was found that the two price series are highly correlated and move in very much the same pattern, with monthly WTI crude oil spot price higher than Brent throughout the period, except for temporary daily or weekly price inversions. These daily spot prices were obtained from Platts Data Service.
For inventories, data of government and commercial inventories of crude oil and petroleum products for all OECD countries are available from March 1984 to the present for all OECD countries, but the International Energy Agency (IEA) changed its data collection methodology in December 1990. It was decided to limit the current study to the period from January 1992 to February 2001 to avoid the Gulf War impacts on the market and to limit the analysis to a consistent data series. Since OECD inventory data are only available monthly, the daily crude oil spot prices were aggregated to a monthly frequency.
The correlation coefficient that was found between West Texas Intermediate crude oil spot price and total OECD inventory is -0.422, which is signiÞcant at the 99 percent conÞdence level, clearly demonstrating the expected negative price-inventory relationship. Furthermore, it was found that WTI crude oil spot price has a single unit root, and the de-trended and deseasonalized total OECD inventory variable also has a single unit root; however, a Johansen co-integration test with intercept, no trend, and four lags Þnds no evidence of a co-integrating relationship between these two variables. Additionally, the Error Correction Models (ECMs) investigated for this study do not Þnd the ECM variable to be statistically signiÞcant.
A Forecast Model
The study sought to build a dynamic forecast equation that can be applied in a simple, spreadsheet environment using explanatory variables that can easily be forecasted into the future. In the process of determining the appropriate supply-demand variables, it was found that in most cases, OECD variables provided better price forecasts than the variables from the United States alone, since OECD represents a larger proportion of the world demand as well as inventory. Variables like crude oil production, product production, and product demand became statistically insigniÞcant as explanatory variables in the presence of an inventory variable. Moreover, combined government and commercial inventories gave better price forecasts than commercial inventory alone; and the sum of crude oil inventory and petroleum product inventories performed better than crude oil inventory alone.
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It was found that current and lagged values of deviations from the desired normal level of total OECD inventories led to the best forecasts of nominal crude oil price.
5 SpeciÞcally, the forecast model developed is:
in which W T I is the nominal West Texas Intermediate crude oil spot price; subscript t is for the tth month; subscript i is for the ith month prior to the tth month; a, b i , c i , d, and e, for i = 0, 1, 2, . . . , 5, are coefficients to be estimated;RIN , as deÞned in (3), is the relative total OECD inventory level, that is, the deviations of actual stock levels, IN, from their corresponding desired normal levels, IN * ; LIN is a low inventory variable, deÞned to capture the asymmetric market behavior characterized by a different price response to inventory changes when the inventory level is below the desired normal level than when the inventory level is above normal, that is:
AIN is deÞned as the annual differences in monthly inventory to reßect cyclical market behavior not captured by the monthly seasonal variables in the de-trending and de-seasonalizing estimation 6 , that is:
and ε is the random term.
Notice that the model expressed in (5) can be viewed in the framework of a partial adjustment model, since RIN is the relative inventory (the deviation of IN from its corresponding desired normal level, IN * ).
In order to reduce multicollinearity, (5) was isomorphically transformed and estimated as:
(8) Table 1 shows the results obtained from an OLS regression. The adjusted R 2 is 0.935, the standard error of regression is $1.24 per barrel, the Akaike information criterion equals 3.3945, the Durbin-Watson statistic is 2.05, and the Root Mean Squared Error (RMSE) for the dynamic in-sample forecast over the entire estimation period is at a low value of $1.63 per barrel. Figure 6 shows an in-sample dynamic forecast of WTI crude oil price using (7) and the actual WTI crude oil spot price in December 1991 as the starting value.
This model is designed to dynamically forecast crude oil spot price, using reported and predicted inventories. An important feature of any forecasting model is that a forecast of the independent variables be available. On a routine basis, the U.S. Energy Information Administration (EIA) forecasts monthly OECD inventory levels in conjunction with its ShortTerm Energy Outlook (STEO). Furthermore, other organization's forecasts of OECD supply and demand, such as those projected by the IEA, can be used to derive forecasted inventory levels.
Another desired feature of our model is that it be simple enough to implement easily in a spreadsheet or other software package, and that the variables be easy to change and update. The simplicity and ease of updating makes this model attractive for investigating various scenarios to see the impacts of market changes on crude oil spot price, should inventories, production, imports, or demand change for any reason. Moreover, the forecast equation reßects the market behavior differences between cases when inventory levels are below the normal levels relative to cases when inventory levels are above the desired normal levels. Finally, the model itself can be easily updated periodically should there be a fundamental structure change or a shift in the normal level of inventories.
Conclusions and Suggestions for Future Work
This paper presented a simple and practical dynamic forecast model. It also demonstrated the relationship between petroleum inventories and crude oil prices from January 1992, the period immediately following the Gulf War, to February 2001. EIA uses this model to investigate future price impacts of OPEC production changes and to estimate price effects of market disruptions by using monthly inventories derived from a two year forecast of OECD supply-demand balances published in EIA's STEO.
A number of areas merit further exploration for potential model improvement. First, it would be interesting to see how inventory levels may relate to crude oil market volatility. For example, does higher price volatility occur when relative inventories are low versus normal? In order to investigate this issue, a proper measure of market volatility is needed. 
Footnotes
1 Numerous studies were carried out on this subject in both developing various theories and empirically testing these theories on an array of commodities, for example, grains [Gustafson, 1958] , Þnished goods [Maccini and Rossana, 1984] , and reÞned copper [Thurman, 1988] . Other related studies can be found in Eichenbaum [1989] , Ramey [1989] , Williams and Wright [1991] , Blinder and Maccini [1991] , Deaton and Laroque [1992; , Miranda and Glauber [1993] , Chambers and Bailey [1996] , and Brennan, and Williams, and Wright [1997] .
2 Other sources are also informative, see for example, Mabro [1992] , and Razavi and Fesharaki [1991] .
3 Another related characteristic is the joint production of petroleum products. For an in-depth treatment on the subject, see Pindyck [1994] and Considine [1997] .
4 Detailed records on these investigations are available upon request. 5 Number of lags is determined according to AIC. The authors beneÞted from a conversation with W. Enders in determining the number of lags of the dependent variables and the relevant chapter in his book (Enders [1995] ).
